last option for native arteriovenous fistula (AVF) creation in ESRD patients, is destroyed frequently after its use as the entry site of PICC [7] . Therefore, the purpose of this review is to introduce guidelines to prevent CVD for non-nephrology physicians. All materials for radiologic and photographic figures in this article were approved by the Institutional Review Board (IRB) of St. Vincent's Hospital, The Catholic University of Korea (IRB No. VC19RESE0062). Facial exposures were very limited to guarantee anonymity.
Anatomy and pathophysiology
The central venous system comprises the superior and inferior vena cava and right and left brachiocephalic, subclavian, internal jugular, and iliac veins. However, it does not include axillary, femoral, or external jugular veins ( Fig. 1 ). CVD can be divided into cases associated with previous catheter insertion and those not associated with previous catheter insertion [8, 9] .
Cases associated with previous catheter insertion often experience stenosis or occlusion. The most well-known risk factor associated with CVD is duration of catheter insertion. The longer is the period of insertion in the vein, the greater is the probability of central venous stenosis or occlusion. There are reports that number of catheter insertions and size of the catheter are also related, but no firm conclusions have been established [10] .
In cases not associated with previous catheter insertion, turbulent VA blood flow damages the vessel wall and causes stenosis of the CV. Left brachiocephalic vein (BCV) stenosis is a good example of this phenomenon. In left BCV, stenosis usually occurs at two points, the junction of the left subclavian vein (SCV) and internal jugular vein (IJV) and the junction of the left BCV with the right BCV extending to the SVC. Furthermore, the left BCV is located between the sternum and pulsating aorta, which also contributes to stenosis. For similar anatomical reasons, a catheter inserted into the left IJV, in contrast to the right IJV, should be bent and will often contact the vessel wall at the two places mentioned above along its path to the right atrium (RA) (Fig. 2) . Such catheter contact damages the vessel wall and causes stenosis.
Also, because the SCV is located between the clavicle and the first rib, catheter insertion into the SCV causes frequent stenosis, which is why the IJV is used as the entry site for long-term HD catheter insertion. www.krcp-ksn.org
Clinical manifestations
Clinical features may vary according to lesion location, but the closer the lesion is to the RA, the more severe is the clinical feature. The most common clinical manifestation of CVD in HD patients is arm edema (Fig. 3) .
Although SCV catheterization for HD is prohibited, SCV stenosis can occur after diagnostic angiography due to edema of the arm. In such cases, stenoses are often observed at the junction of the SCV and the IJV, resulting in turbulent venous blood flow. In some cases, this is diagnosed as a form of thoracic outlet syndrome (TOS) when the SCV is compressed between the clavicle and the first rib.
Stenosis or occlusion of one BCV manifests as ipsilateral arm and facial edema (Fig. 4, 5 ), but swelling of the face or arm may not be obvious if collateral veins are abundant.
The presence of collateral veins is an important factor affecting awareness of the clinical manifestations of CVD (Fig. 6 ). These collateral veins include intercostal, azygos, hemiazygos, and accessory hemiazygos veins. In cases of abundant collateral flow to the intercostal veins, ipsilateral breast swelling can be the manifestation of CVD.
Treatment
Problems related to HD VA affect the survival rate of ESRD patients. Various techniques of endovascular therapy resulted in a breakthrough development in the treatment of HD VA [11] [12] [13] . However, the lesion of CV is much less responsive to endovascular therapy than that of a peripheral location. Nevertheless, endovascular therapy is preferred in CVD because of the surgical limitation due to lesion presence in the thorax, and ESRD patients are older and frequently have multiple comorbidities [14] .
Percutaneous transluminal angioplasty (PTA) with balloon dilatation is the primary basis for endovascular therapy. However, balloon dilation should be performed only if there is a clinical indication such as arm or face swelling. Several studies have reported that balloon dilation for a narrowed lesion found incidentally on angiogram and without symptoms accelerates lesion growth [15] [16] [17] .
If symptoms are present, PTA is performed; however, patency is poor, so repeat procedures are often required. Therefore, in many cases, the stent or SG is inserted later [18] . Because the diameter of the CV is larger than that of the peripheral vein, balloon dilatation may not effi- www.krcp-ksn.org ciently dilate and correct the lesion. Recent studies using intravascular ultrasound (IVUS) for CVD showed that, although the lesion was sufficiently enlarged on angiography after PTA, IVUS demonstrated insufficient dilation or extrusion by the balloon catheter [19] . In such cases, additional PTA using a larger balloon catheter can be considered, but the risk of vessel rupture may also increase, requiring attention to the possibility of CV rupture. Although stent use in the venous system is expected to have a good result, as in cases of coronary or peripheral arteries, numerous studies showed failure of stent use, especially in HD VA, because of neointimal hyperplasia (NIH) within the stent, leading to a lower patency rate than that of PTA [20, 21] . However, stent or SG use in complete CV occlusion can be considered as a guiding role for subsequent procedures if recanalization is achieved. The SG is a structure that applies graft material to the inside or outside of the stent to create a physical barrier to NIH. SG Mostly Viabahn (19) and Fluency (7) but also includes balloon-expandable SG (e.g., Advanta) for superior vena cava.
A B Figure 7 . Jailing vs. without jailing. Right internal jugular vein (IJV) was jailed by Bare metal stent (a 10-mm-diameter×100-mm-long Wallstent Endoprosthesis; Boston Scientific, Marlborough, MA, USA) placement in the right subclavian vein so that it cannot be accessible for the further catheter insertion (A). Stent-graft (a 12-mm-diameter×60-mm-long Hercules Vascular; S&G Biotech, Yongin, Korea) was successfully deployed on the left brachiocephalic vein (BCV) stenosis without jailing of the right BCV in a symptomatic hemodialysis patient with left arm swelling (B).
use seems promising in CVD because it has been consistently reported to have a better patency rate than stent alone or PTA [20, [22] [23] [24] . In particular, in CVD, SG use showed favorable patency compared with PTA in several retrospective studies, although no prospective studies have been published yet. Table 1 shows a summary of the studies on SG use in HD CVD [3, 18, 22, 25, 26] . However, SG use has limitations in that edge stenosis can develop at either end, increasing medical costs. Because the SG is inserted where two veins meet, one vein can be blocked, and the corresponding vein cannot be used to create a new AVF; thus, attention should be paid when inserting a SG in such a location (Fig. 7) .
As in coronary and peripheral artery diseases, the use of drug-coated balloon (DCB) in HD VA has been studied extensively and showed some benefits. However, most of those studies excluded CVD because of the absence of a large-diameter DCB. There are only two studies of DCB use in CVD [27, 28] , each of which demonstrated benefits. However, in the meta-analysis of these two studies, the benefit was no longer observed. Based on personal experiences in CVD intervention, an elastic recoil phenomenon is frequently noted, and it has been suggested that insufficient luminal gain is achieved by PTA based on IVUS [19, 29] . Therefore, the benefit of DCB in CVD seems limited.
Surgical options for CVD can be divided into three categories: inflow reduction, unusual bypass including reconstruction surgery and claviculectomy, or first rib resection in TOS [30] .
There are some studies about inflow reduction including HD patients with high output cardiac status, but only one study focused on inflow reduction in HD patients with CVD [31] . Inflow can be reduced by non-surgical banding or various surgical techniques including plication, graft banding or wrapping, and graft interposition. Development of CVD can be explained by inflow-outflow mismatch, indicating the importance of inflow reduction. However, to maximize its efficacy, inflow volume should be sufficiently reduced. For this, intraoperative volume measurement using duplex ultrasound should be performed during volume reduction [32, 33] .
Unusual bypass surgeries include simple bypass using a graft to the ipsilateral jugular vein or bypass to the contralateral jugular, axillary, or femoral vein in a lower extremity. Furthermore, direct connection to the SVC or RA www.krcp-ksn.org can be performed, but such surgeries are not simple and confer risk and complications. Sophisticated surgical options can be actively considered in non-elderly patients without comorbidities or when SG is unavailable. However, in clinical practice, HD patients are getting older and frequently have multiple comorbidities such that risk vs. benefits for surgical options should be discussed with the patient and a vascular surgeon. A multidisciplinary approach is important and required, especially in CVD.
Closure of a corresponding HD VA is the simplest and most reliable surgical option. However, it is not easy to determine this, because HD VA is a lifeline in these patients, and there are limited available veins in the human body (Fig. 8) .
Prevention
During surgery for CVD, VA sometimes should be abandoned to avoid life-threatening complications. Therefore, the most effective method is CVD prevention. Although the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines suggest venous preservation for native AVF creation to begin at CKD stage 4 [34] , the American Society of Diagnostic and Interventional Nephrology (ASDIN) and Association of Vascular Access (AVA) recommend that venous preservation start at CKD stage 3 [35] . For similar reasons, use of PICC is prohibited starting in CKD stage 3. CKD stage is classified according to estimated glomerular filtration rate (eGFR), which is automatically calculated through a formula such as the Modification of Diet in Renal Disease (MDRD) equation using parameters including serum creatinine, age, sex, and race. However, because serum creatinine level is more familiar to non-nephrology physicians than eGFR, serum creatinine 2.0 mg/dL or higher is recommended as a standard for venous preservation, and PICC use should be prohibited non-nephrology physicians. For subclavian catheterization, the same rule can be applied. Although it is well recognized among nephrologists that subclavian catheterization should not be performed in CKD patients, it still occurs frequently. Therefore, non-nephrology physicians should be instructed to avoid this procedure.
Conclusions
Various treatment options are currently being tried for CVD, but all have limitations. Therefore, prevention is ideal. First, catheterization should be minimized in CV, as its performance is a well-known cause of CVD. It is also important to minimize the duration of CVC use. Finally, use of the right IJV with a straight path should always be considered rather than the left IJV with curvature. In addition, treatment of CV lesions may accelerate its progression, and treatment must be performed with care.
